Qualification tests have been conducted of a measurement system for determining the pressure of certain fuel rods in the loss-of-fluid-test (LOFT) 
INTRODUCTION
This report summarizes development and qualification testing of pressure measurement instrumentation intended for use in the LOFT reactor. Certain of the nuclear fuel rods in the reactor will be pressurized. Consequently In general, the sensor described in this report should be useable in severe environments up to 2500 psig and 800°F. Although the sensors will survive rapid variations of both temperature and pressure, data output during the transient may not accurately reflect the applied pressure, especially due to temperature gradients existing along the sensor during rapid temperature variations. As an overall purpose, the described work should characterize the pressure sensor sufficiently well to later facilitate interpretation of data obtained during planned transient tests in the LOFT reactor.
SENSOR REQUIREMENTS
Within the instrumented fuel bundle for LOFT, the pressure sensor can be located either as an integral part of the fuel rod or as an attachment to auxiliary structures in close proximity. However, if the pressure sensor is not a part of the fuel rod, a small-diameter tube must be used to transmit the rod pressure to the measurement location. Because of the difference in environment for sensors located inside and outside of the fuel rod, the specifications for each is different, as noted in Table I . Sensors located within the fuel rod experience less severe temperature transients, but must be physically smaller. Because of space constraints within the reactor, direct attachment to the fuel rod is the preferred sensor location.
Functionally, the described pressure sensor provides a measurement of fuel pin plenum gas pressure. This measurement is useful for determining fuel pin failure by detecting a loss of pressure in the fuel pin plenum and also for characterizing the rate of depressurization. Sensors placed inside the fuel rod gas plenum must be small enough to fit within a nominally 0.37-in. inside diameter, 0.025-in. wall cladding of the nuclear fuel. For most of its service life, the sensor will operate at 2000 psig and 650°F. During imposed transients, the pressure sensor will be exposed to rapid variations of temperature and pressure of the plenum gas.
In addition to the requirements noted in Table I 
AUTOCLAVE
All qualification units were subjected to 200 hours of tests in a 6.4-litre autoclave. Prior to installation each unit was welded into a pressurizable enclosure to permit independent adjustment of the autoclave or the sensor pressure. Also, the enclosure simulates the thermal barrier afforded by a LOFT fuel rod. Next, about 12 feet of signal cable are wound on a 5-inch diameter mandrel and secured for insertion within the autoclave. Figure 5 illustrates components of the test unit mounted within the autoclave head. Fast response thermocouples measure temperatures within the enclosure near the sensor and also adjacent to the enclosure envelope--essentially the autoclave environment temperature.
During blowdowns, pressurized water usually at 650°F and 2700 psig is exhausted via a manually operated valve. The rate of expulsion of water/steam depends upon the area of the exhaust orifice. Most blowdowns were conducted with maximum attainable exhaust orifice area, although some were rate limited by restricting the exhaust area. For the majority of blowdowns, the exhaust valve was closed and the autoclave feed water pump activated imediately after depressurization. Output signal amplitude variations were measured during the 828 During time intervals between blowdown tests, the sensor signal output was monitored to determine its stability for relatively long time durations. During these times, sensor temperature and pressure were maintained constant at about 1850 psig and 6500F.
TEST RESULTS AND INTERPRETATIONS
As shown in the calibration summary of Figure  each Calibration data from each sensor show that as temperature increases, sensitivity decreases; however, behavior of the value of zero pressure output signal appears to be a characteristic particular to each sensor. Nevertheless, as each sensor output signal relates in a temperature-dependent way to the applied (reference) pressure, an algorithm was developed for each sensor to transform output signal values to indicated pressure. The algorithm, derived from calibration data, accounts for the variations of sensitivity and zero pressure signal output with temperature. Curves obeying second degree polynomial equations essentially describe the observed variation of sensitivity and zero pressure output signal with temperature. Transform algorithms derived from each of the calibration summaries verify that the sensor yielded repetitive calibration data nearly independent of conditions existing for the three different test conditions. Specifically, these conditions include the following: (1) the sensor only heated; (2) the sensor and cable heated; and (3) For each of the sensors, very minor signal variations as shown in Figure 11 occur during heatup from 75 to 800°F of 16 feet of signal cable. Ideally, the indicated pressure should remain unchanged, for both the applied pressure and temperature of the sensors remain constant during these tests. As used in LOFT, the signal cable will be routed in a compact bundle with many other cables along the structure supporting the fuel assemblies. Consequently, the temperature along the cable will be nonuniform and probably less than the maximum temperature imposed during these tests.
Initial tests in the autoclave include calibration at temperatures of 75, 250, 400, and 650°F. As verifiable from the calibration plot of Figure 12 , these data conform closely with calibration data obtained prior to sensor installation in the autoclave. Rapid temperature variations during maximum and controlled-rate blowdowns cause the sensors to indicate pressure inaccurately as shown in Figure 13 . For data obtained (from all test sensors) during a maximum-rate blowdown, maximum errors of +14% and -11.3% of reading occur at times during the transients. The sensors remain within the LOFT specified accuracy limits of 3% for a period of about 13 seconds after initiation of a depressurization which creates temperature change rates up to -100°F/s, ten times as severe as expected to occur at the pressure sensor location during transients in the LOFT reactor. Even for controlled blowdowns, temperature change rates were up to 25°F/s, yet the pressure indicated by the sensor deviated by less than ±3% of reading as shown in Figure 14 . Pressure measurements higher by 192 psi and lower by 57 psi than the applied pressure were observed during the test duration. 
